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INTRODUCTION
This report represents the first in a series of planned reports on the statistical analysis of mineral commodities in the United States, Russia, China, and Mongolia. The statistics for gold (Table 1) , silver (Table 2 ), and the rare-earth elements (Table 3) for the United States are presented here. The major sources of information for the report are the annual commodities reports, published in previous years by the former U. S. Bureau of Mines and, since 1996, published by the U. S. Geological Survey USGS (Minerals Yearbook, 1882 -1997 .
These reports represent an enormous effort throughout this century by individual commodity specialists, each monitoring and compiling information about several metal, and nonmetal commodities, ranging from mine production, to industrial consumption, to exports and imports, as well as to price. However, as with any report of such scope, compiled by many different authors, and covering so many years and dating back to 1882, the data are, not infrequently, difficult to access. Except for the years 1970 to 1990, the data are available only as a hard copy. For those 20 years, some data can be accessed on the Internet (Compendium, 1991), but in a format that requires considerable editing if one tries to import them into one of the more commonly used computer plotting programs or other statistical packages. Also, data for the different commodities in the Compendium are not uniformly presented; some commodities are treated quite thoroughly, whereas others are treated superficially. The Compendium also is available as a hard copy. Although that publication uses metric units throughout, as do the annual reports printed since 1988, annual reports prior to 1988 use as many as three different units in a single table of data, for example, short tons, long tons, and metric tons. Also, table formats, as well as the data reported are not consistent through the years, even for a single commodity. For example, in the case of the rare earth elements (REEs), world production into the 1980s was reported as production of monazite; since that time production has been reported as the rare-earth oxide equivalent. We should add that this change-over is quite understandable, owing to the emergence of bastnasite, a rare-earth fluorocarbonate mineral that is mined at Mountain Pass, California, as a dominant world source for REEs in the 1970s and 1980s. Expanded exploitation of bastnasite deposits in China since the mid 1980s has allowed that country to supplant the U. S. as the world's leading producer of REEs in the 1990s. The lack of uniformity in other cases merely reflects a change in focus, or effort, as end use of a particular commodity might have changed through time, or as its importance, source, or overall availability might have changed. Nonetheless, it somewhat complicates easy access and use of the data directly from the Yearbooks.
None of these comments are intended as criticism of the older reports, but are rather intended to point out some problems of the older reports and the need to present this information in a single format, making them readily accessible and in a ready-to-use table that currently available computer plotting programs will accept without significant editing. The use of a single format allows simple editing and updating as more reliable information is gained through literature searches. For example, early production figures for the REEs, now listed in terms of monazite, can be converted to rare-earth oxide equivalent, the current reporting procedure, by a simple multiplication step.
The data are presented in this report in paper copy and are available on floppy disc upon request. Inquiries can be directed to any of the authors, but should perhaps first be sent to the senior author. Upon completion of the series of reports, the data will be made available on CD ROM and the Internet. The latter will eventually carry all additions and updates.
PURPOSE
The purpose of this report is to make available statistics on the precious metals gold and silver and the rare-earth elements for this century, in a single format that can be easily accessed by computer without major editing. Subsequent reports will present statistics on (1) iron and the ferroalloy metals, (2) nonferrous metals, and (3) chemical industrial and agricultural minerals. Our aim is to ascertain historical trends in domestic production, overall availability, consumption and use, reserves, and the forces that drive those trends. For example, the major driving force for production must be demand, but short-term trends of a year to several years can be dominated by such factors as politics. These are extremely important, but here we focus more on long-term trends by presenting annual averages of commodity statistics that extend over several decades, rather than monthly, quarterly, or seasonal statistics. Geology, technology, and of course, demand are perhaps more important determinants of decadal trends than politics or short-term economic swings, although the latter will surely still be important, even for long-term trends. Of course, the sole determinant in every case for all commodities in every country is eventually economics.
For the three major commodities included in this report, each presents a different domestic scenario. For gold, the U. S. is currently (1998) a major exporter; for silver, the U. S. is a net importer, but at the same time being a major producer; and for the REEs, the U. S. has, in the past few decades, produced approximately the same amount as they have consumed. In the cases of gold and silver, this situation and their availability will likely remain much the same through the next two or three decades as it is today (see below). In the case of the REEs, production from domestic sources is increasingly failing to meet a continuously expanding demand and could possibly itself decline significantly in the next few years. How will a change from domestic to foreign sources influence availability, that is, as the less costly recoverable ores of domestic mines are gradually exhausted, or as environmental concerns about mining come to outweigh the benefits of domestic production?
In conjunction with this series of reports on U. S. commodities, we are carrying out a similar, cooperative study with geologists and economists in the Far East in China, Far East Russia, and Mongolia to examine similar temporal trends in commodity statistics within those countries. However, much of the commodity data from many countries is not available in easyto-access sources, although, again, the annual reports of the former U. S. Bureau of Mines and USGS have presented the best data available at the time for many countries, dating back to the early 1960s. The new reports are intended to present historical data for each country, compiled by members of the scientific community within each country. Still, the reports may not be as complete as those for the U. S., despite a willingness on the part of scientists in these countries to carry out this type of cooperative study and their commitment to examine information from the best available domestic sources.
PROBLEMS
In many older reports, and in current reports as well, consumption has been presented as domestic industrial consumption of raw material. In the case of gold, the U. S. exports most of the commodity mined in this country as bullion to the United Kingdom, Switzerland, and Hong Kong (Minerals Yearbook, 1882 -1997 . Most is fabricated into jewelry (Kesler, 1994; Craig and others, 1996) in other countries and the jewelry then imported back into the U. S. However, it is not included in statistics of domestic consumption. Thus, do we report only industrial consumption within the U. S., or total end-use consumption of finished goods? For those commodities that have predominantly a single end-use, it might be relatively easy to adjust consumption figures to reflect total consumption. That would not be the case, however, for those commodities that have multiple uses, for example, silver.
For this report we will maintain the procedures of the annual reports of the former U. S. Bureau of Mines and USGS for reporting consumption. The alternative requires that we go back and examine data of imports of finished goods for all previous years, no small task, in addition to consumption by domestic industry, perhaps a worthy task. Perhaps, it is more important for this report that we maintain, throughout any reporting period, a consistency in the definition of what we report. Consumption by the U. S. public, however, is surely a statistic needed for planning a long-term strategy of metal availability and consumption. Collection of information about total consumption should be one goal of reports that follow this initial report.
COMMODITY STATISTICS
Throughout much of the time of publication of the Yearbooks by the former U. S. Bureau of Mines, statistics for the most recent 5-year period have been published in each Yearbook. This has allowed for revision of information in subsequent Yearbooks, information that was published as estimates, usually, the first year. Such revisions were based on additional information gained in years following the initial publication. In many cases revisions were made throughout the five years that a set of data was published. We have attempted to present here updated, i.e., revised, figures by examining the Yearbooks on a 4 year, or fewer-year, basis. However, the last-published set of data for a commodity may differ slightly from that presented in this report, as statistics for some commodities were adjusted each year. A random examination by us suggests that the differences are less than about 5 percent.
Gold
Production of gold in the U. S. has reached an all time high in recent years (Figure la), owing to expanded production of gold from Nevada, in some cases from extremely low grade deposits. This expanded production was made possible in part by the advancement of a technology to extract the metal by low-cost, sodium cyanide, heap-leach methods. Production expanded significantly in this area in the 1960s and, by the 1980s, established Nevada as the leading gold-producing State in the U. S. It has also made the U. S. the second leading producer among the world's gold-producing states. Nevada now produces between 60 and 70 percent of U. S. production. Present estimates of reserves indicate that production there can be maintained at the current level for at least the next two decades (Dobra, 1997) . However, several years ago this level of production, and future production, were threatened by possible changes to the General Mining Law, being discussed by the U. S. Congress. These changes were viewed by the mining community as a discouragement to exploration and future exploitation. As a result, exploration was increased in foreign countries, at the expense of domestic exploration. Mining was viewed as possibly soon-to-be stringently controlled by, what were viewed by the mining community as, burdensome environmental laws and profit-paring taxation. That view has now been reversed, with the apparent demise of federal legislation that would have quite significantly changed the Mining Law of 1874. As a result, identified reserves in Nevada have increased significantly during this decade, driven in part of this change in the political climate of the time. The decline in the price of gold since the 1980s, conversely, could have the opposite effect, that of reducing reserves.
In 1998 approximately 90 percent (93 per cent in 1997) of U. S. gold production comes from gold lode deposits, 1 to 1.5 percent from gold placer deposits, and the balance from basemetal and other precious-metal lode deposits. Placer deposits were relatively much more important up until the 1960s, representing as much as 37 percent of domestic production in 1947. Prior to bringing on-line the very low-grade deposits in Nevada, the major producing States in the U. S. were South Dakota, Utah, California, and Alaska, which together now produce only about 22 percent of U. S. gold, but in 1962 produced more than 75 percent of U.S. production (South Dakota-30 percent, Utah-23 percent, Alaska-13 percent, and California-12 percent).
The Republic of South Africa, which produced approximately 20 percent of the world's gold in 1997, is the world's leading producing state. World production has increased significantly and steadily since World War II, to its present level of over 2,400 metric tons mt (Table 1 ). This increase is likely to continue in the coming years, as exploitation in other countries such as China outpaces the possible decline in production in South Africa.
Consider Russia and the Community of Independent States that formerly were part of the Soviet Union; the latter had been a major gold producer for the past several decades. In the 1980s it produced slightly more than 100 mt annually, but the figure dropped to less that 20 mt in the early 1990s (Benevolski, 1995) . Although not as dramatic, production in Russia also dropped by some 15 percent since the 1980s (Benevolski, 1995) . However, production in both Russia and the Community of Independent States could recover to the earlier values as these countries become more stable in coming years and foreign investment in exploration and exploitation expands.
China is only now beginning to realize the full potential of its gold resources. It currently produces about the same as Russia. Other major producers are Australia (11 percent and third in the world) and Canada (6 percent).
Exports of gold from the U. S. (Figure Ic) are mostly in the form of refined bullion, 85%. Of the 334 mt exported, 80 percent goes to the United Kingdom, Switzerland, and Hong Kong, to be used largely in the production of jewelry. Imports come mostly from Canada, which provides about 75 percent of the U. S. import supply.
As is the case for the entire gold industry, consumption in the U. S. (Figure Id) is largely by the jewelry fabrication industry. Other uses are in electronics (about 10 percent of production), commemorative coins and medals, whose production varies widely from year to year, and dentistry. Hoarding and, the opposite, disinvestment, can be significant but are not considered here. Supply of gold to the world market also can be significantly influenced by official/central bank sales. However, these also vary markedly, for example, from 445 mt in 1993 to 78 mt in 1994 (Minerals Yearbook, 1995).
Secondary production ( Figure Ib) , that is, production from old scrap, has only been followed since 1980. Unfortunately, it has been lumped with new scrap, scrap produced largely from fabrication, since 1992. The ratio of old to new scrap seems to have remained at about 2:3, for those years when figures for both were reported. Together, they constitute approximately 50 percent of U. S. mine production, not an insignificant amount that has remained relatively constant.
Although the uses of gold in the U. S. change somewhat each year, jewelry fabrication is currently the dominant use and has been the dominant use for the past several decades. It currently represents approximately 55 percent of domestic consumption, but has been as high as 75%. If imports of finished products are included, consumption as jewelry would likely constitute an even larger share of the market.
The price of U. S. gold ( Figure Ib) has been allowed to "float" since 1967, at which time the U. S. government ceased controlling the price at $34 per troy oz. Since that time, the price has varied over a rather large range, increasing to a maximum of $605 in 1981 before falling to its present level (late 1998) at slightly less than $300 per troy oz.
Silver
Production of silver in the U. S. (Table 2 and Figure 2a) , unlike that of gold, comes largely from the mining of lode deposits of other metals. Of the 25 leading silver production mines in the U.S., only the Sunshine Mine in Idaho produces silver as the primary metal. Perhaps as much as 90 percent is recovered as a byproduct from the mining of gold, lead, copper, and zinc. Except for the Sunshine Mine, the major silver-producing mines have gold as the primary product. As one might expect, Nevada is the leading producing State, at almost 50 percent of total U. S. production. Total production in the U. S. currently is approximately 3,500 mt in 1997, 2,150 mt was from mine production and 1,360 mt from scrap. Production has been extremely volatile throughout this century. In fact, all statistics for silver have exhibited volatility throughout this century. For example, production dropped during World War II to its lowest level in the century; exceeding the minimum of the Great Depression. Production did not return to the highs of the early part of this century until the late 1980s, from which it has again exhibited a steady decline.
Secondary production (Figure 2c ), that is, production from scrap, approximately equals mine production. Throughout the 1970s old scrap approximately equaled mine production. Although production from old scrap has decreased somewhat in recent years, it still represents about 20 percent of mine production. In 1990, the ratio of old to new scrap was 1:4, the only year for which such data have been published.
Although world production in this decade has shown a similar decline in production to that of the U. S. (Table 2 ), prior to 1989 world production increased continuously from the end of World War n. It has stabilized in the most recent 3 to 4 years. The three leading silverproducing states are Mexico, Peru, and the U. S., which account for approximately 42 percent of world production. Mexico and Peru have roughly maintained their high level of production throughout this decade. Domestic production has been more volatile, but it and world production have apparently been closely linked since about 1958 (Figure 2d ), possibly a reflection of overall globalization of markets.
In the 1990s the price of silver returned to 1970s values, following an extreme positive excursion in the 1980s, when it reached a maximum of over $20 per troy oz (Figure 2c) . It now sells for slightly over $5 per troy oz ($4.89 in 1997), an increase above a 1992 minimum value of slightly less than $4 per troy oz.
The volatility of the silver market, seems to be reflected by virtually all of the statistics for the U. S. Thus, trends in silver statistics could be extremely important in deciphering factors that drive the overall metal commodities market, owing to the extremely diverse end-use for silver; that is, the behavior of the silver market may be a bellwether for much of the minerals market. The photographic industry has been the major user of silver for many decades, consuming approximately 40 percent of production. However, the electrical industry uses about 25%. Lesser but significant uses are in silverware and electroplated ware, jewelry, brazing alloys and solder, catalysts, bearings, and coins. Unfortunately, we do not present information on trends in the end-use of silver in this report, but such information may be extremely significant for the reason given above. Detracting from the use of silver as an indicator of the commodities market as a whole, is the fact that silver production is dominated by production from gold and base-metal deposits and, as such, is responsive to factors that drive their production, as well as to factors that drive the different demands for silver by the U. S.
During the past two decades, imports of silver by the U. S. (Figure 2b ) have exceeded domestic mine production by as much as a factor of 2.5, but average approximately 1.5 times as much. In the past, silver was imported as refined bullion, but in this decade as much as one third was as waste and scrap. Major suppliers have been Canada and Mexico. As might be expected, exports of silver have tended to be much less that imports, but have been equally volatile, due in large part perhaps to variation in the strength of the dollar, relative to the currency of other, i.e., recipient, countries. The leading countries to which we currently export silver are Switzerland, Japan, and the United Kingdom.
Rare-Earth Elements
Mine production of bastnasite, a rare-earth fluorocarbonate, has increased steadily since the late 1960s (Figure 3a) , when mining began in earnest at Mountain Pass, Ca. As a result of this deposit, the U. S. was quickly established as the world's leading producer of REE, a position it held until this decade, when production in China surpassed that in the U. S. Prior to the mining of bastnasite, monazite, a rare-earth and thorium heavy-mineral phosphate, was the primary source of REEs for the U. S. and the world. Monazite was mined at Green Cove Springs Fl. until 1995, but produced a very small percentage of the U. S. requirement compared to that produced from bastnasite at Mountain Pass. Monazite remains a major source of thorium. However, a decreasing demand for thorium in this country since 1990, in part driven by costs to companies mining, processing, and manufacturing thorium products, because of the natural radioactive decay of thorium, contributed to a decline in production of monazite.
In the world market today, monazite is a minor source of REEs. Even though bastnasite and laterite deposits in China and the one bastnasite deposit in the U. S. will increasingly dominate as the primary source of REEs, monazite production will likely continue to increase. The advantage of monazite, and particularly of low-thorium monazite, is that it is recovered at low cost as a by-product to the recovery of other heavy minerals from heavy-mineral sand deposits.
Future sources of REEs might include secondary recovery from some iron ores and sedimentary phosphate deposits. In the case of phosphate deposits, their approximate average concentration of REEs is 300 ppm (Altschuler, 1980) . United States production of phosphate alone is 15 X 10' mt annually, which could yield as much as 45,000 mt of REEs, or approximately twice the current production of REEs from bastnasite at Mountain Pass. As is often the case, lack of a low-cost technology necessary to recover REEs from this type of deposit currently precludes exploitation.
The U. S. currently consumes approximately 35 percent of the world production of REEs (Table 3) . Applications have varied from their use in lasers and tracer bullets to automotive catalytic converters. The latter uses approximately 45 percent of current production. Other major uses are as petroleum refining catalysts (approximately 25 percent), permanent magnets and glass polishing and ceramics (both about 10%). Individual REEs, following their separation from the group are of major importance. For example, cerium is used in catalytic converters, samarium and neodymium in permanent magnets, europium in phosphors. The REEs are also used in high-strength, low-alloy steel, and stainless and carbon steel.
FUTURE RESEARCH
We have not included information of temporal changes in uses of each commodity, but this is clearly an area of research that should be pursued. Other sources of data may list this type of information, which could then be incorporated into the tables given here. In the case of gold, the task would be relatively simple as a single end-use, jewelry, now dominates its consumption. The information for silver could be more interesting, as it has several major uses in photography, jewelry and silverware, electronics, brazing alloys and solder, dentistry and medicine, catalysts, and coins. For the rare earth elements, the task is complicated by production and consumption figures being reported as a rare-earth element oxide equivalent, but use is determined largely by individual REEs. Cerium, fortunately the most abundant of the REEs in all but some sedimentary, agriculture-mineral deposits, and neodymium, the third most abundant REE after lanthanum, seem to be the most important.
Improved technologies in the recovery of different commodities also will have a tremendous impact on the market. Cyanide, heap-leaching techniques that made extremely low grade gold deposits of Nevada profitable, at gold prices above $325 per troy oz, are an excellent example. Similar techniques may be applied to deposits elsewhere in the world in the coming years, which should greatly increase world gold production, and could well influence price. The development of an extraction technique for REEs from sedimentary phosphate deposits could have a similar impact on the REE market.
CONCLUSION
Current world availability for the three commodities gold, silver and the REEs seems adequate to meet domestic demand. However, most gold and silver are imported into the U. S. as finished products. In the case of the REEs, the major mine producer of REEs in the U. S., and the second leading producer in the world, at Mountain Pass, Ca., may not be able to continue its high level of production, because of environmental constraints. Regardless, the U. S. is expected to become more dependent on imports of refined REEs, including oxides and other compounds and metals, to supply demand. Thus, in the case of all three commodities, the U. S. must compete in the world market to obtain necessary supplies of finished products and/or refined metal for all three commodities. The most likely sources who will dominant the supply of each commodity to the U. S. are China for REEs and Canada for silver and gold.
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